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COMPREEENSIVE RADIOLOGICAL SURVEY

OFF-SITE PROPERTY N-NORTTI
NIAGAM FA].LS STORAGE SITE

LEIIISToN, NEI{ YORK

INTRODUCTION

Beginn ing  in  1944,  the  Manhat tan  Eng ineer  D is t r i c t  and i t s  successor ,

the'  Atomic Energy Cor"- ission (enC), used port ions of the Lake Ontar io

0rdnance Works (now known as the Niagara Fal ls Storage Site (NFSS) aad

assoc ia ted  o f f -s i te  p roper t ies )  approx ina te ly  3  km nor theas t  o f  Lewis ton ,

New York ,  fo r  s to rage o f  rad ioac t ive  l ras tes .  These \ ras tes  were  pr inar i l y

res idues  f rom uran iun  process ing  opera t ions ;  however ,  tbey  a lso  ine luded:

contaminated rubble and scrap from deconmissioning act iv i t ies, biological

and miscel laneous lrastes from the Universi ty of Rochester,  aad low-l .evel

f ission-product waste from contaminated-l iquid evaporatots at the Kaol1s

Atornic Power Laboratory (KAPI )  .  Receipt of  radioact ive l raste l tas

discont inued in L954, and fol lowing cleanup act iv i t ies by Eooker Chemical

Co. ,  525 hec tares  o f  the  or ig ina l  612-hec tare  s i te  were  dec la red  surp lus .

This property was errentual ly sold by the Geaeral  Senrices Adninistrat ion to

various pr ivate, co--ercial ,  and governnental  agencies. l

Moderu Landf i l l ,  Iuc. l  is the current owner of a tract ident i f ied as

o f f -s i te  p roper ty  N-Nor th  (see F igure  l ) .  A  6 .5 -hec tare  t rac t  on  the

northwest corner was previously surnreyed and remedial  act ion was perforned

to remove residues. An addit ional 45-hectare sect ion in the western

port iou of the si te has also been surveyed by an independent organizat ion.

A survey to conf irm the results of the independent organizat ion's f iudings

and to  assess  the  rad io log ica l  s ta tus  o f  the  remain ing  areas  o f  p roper ty

N-North, conducted in September through Noveuber 1983, is the subject of

t h i s  r e p o r t .

SITE DESCRIPTION

Figure  2  ts  a  p lo t  p lan  o f  o f f -s iEe properLy  N-Nor th .  The proper ty  i s

approximately L220 n long and varies in width from 630 rn to 668 n.

Inc luded in  th is  a rea  is  a  smal l  (2 .6  hec tare)  sec t ion ,  bounded by  Track



Stree t  and des ignated  as  a tea  N ' -Nor th ;  t 'h is  a rea  is  the  sub jec t  o f  a

separa te  repor t .  The remain ing  area  occup ies  approx imate ly  78 '4  hec tares '

T h e  w e s t  b o u u d a r y  i s  1 5  n  ( 5 0  f t . )  e a s t  o f  t h e  c e n t e r L i n e  o f  c a s t l e  G a r d e n

Road.  Par t  o f  the  nor th  boundary  i s  15  n  (50  f t . )  sou th  o f  the  center l ine

o f  "0"  S t ree t .  Secur i ty  fences  (ac tua l l y  on  DOE proper ty )  para l le l  bo th  o f

these boundaries. The east port ion of the northern boundary is a part ial ly

demol ished ra i l road ' t rack ;  the  eas t  boundary  i s  a  secur i ty  fence '  No

part icular features del ineate tbe soutb boundary between Modern Landf i l l

property and that belongiug to the Department of Labor.  Aside from Track

Street and South Track Street,  which form the boundary of area N'-North'

only unimproved haul roads exist  on the si te.  Out-of-se:: t r ice rai l road

t,racks cross the northeast corner,  paral lel  the eastern bouudary, aod then

turn toward the southwest,  into the Track Street atea'  There are a number

of drainage ditches throughout the ProPerty and a sflamPy region io the

nortbeast cornei has been designated by the State of New York as a

rrwet lands t t  area.

The west port ion of the property is being used as a sanitary 1andf i1L

and contains severaL capped and oPeB disposal t renches. off ices for the

landf i l1  opera t ioo  are  loca ted  in  a  teoPorary  bu i ld ing  ( t ra iLer ) ,  near  the

southwest cornet.  There are no addit ional structures on the propelty and

the areas not involved in landf i l l  act iv i t ies are heavi ly overgrown with

brush and t rees .

Rad io loe ica l  l l i s to rv

Eandl ing and storage of radium bearing K-65 residues occurred on the

nor thwestern  corner  o f  the  proper ty r  par t i cu la r l ' y  a loug I tOr r  S t ree t '  Cas t le

Garden Road,  and V ine  St , ree t  ( th is  la t te r  road no  longer  ex is ts )  ' I  These

roads and the tr iangular area bounded by them were surveyed by Oak Ridge

National Laboratory (Onnl)  in early f981 aad elevated direet radiat ion

levels aud Ra-226 and Cs-137 concentrat ions in soi l  were ident i f ied'2

Cleanup of this smalL area l fas conducted in nid-1981 and a Post renedial

ac t ion  survey  was per fo rmed by  Oak R idge Assoc ia ted  Un ivers i t ies  (ORAU)  '3

An add i t iona l  45  hec tares  in  the  western  por t ion  o f  the  s i te  was surveyed

in late 1981 and early Lg82 by Eberl ine Instrument Corporat ion under an



ar rangeDent  w i th  the  proper ty  onner .  No rad ionuc l ide  contau ina t ion

exceed ing  the  gu ide l ioes  was ident i f ied  by  th is  survey ;  however ,  e leva ted

d i rec t  rad ia t ion  1eve1s  r re re  measured in  the  ex t reme nor th -cent ra l  por t ion

a n d  i n  t h e  v i c i n i t y  o f  T r a c k  S t r e e t . 4 , 5  T h e s e  r a d i a t i o n  l e v e l s  a r e

aPparent ly  the  resu l t  o f  res idues  loca ted  on  the  ad jacent  p roper t ies .  The

north-central  port iotr  is in close proxirni ty to the storage tolrer on the

NI 'SS,  and contan ina t ion ,  as  a  resu l t  o f  p rev ious  scrap  hand l ing  opera t ions

in the Track Street area, \ras noted by the L97L-72 AEC survey aad the 1980

ORNL mob i le  scan.6 ,7  These prev ious  surveys  d id  no t  iden t i f y  po ten t ia l

contaminat iou on other port ions of property N-North.

SURVEY PROCEDURES

The comprehensive survey of NFSS off-s i te property N-North nas

performed by the Radiological  Si te Assessment Program of Oak Ridge

Associated Universi t ies, dur ing Septenber-November 1983. The survey was in

accordance with a plan dated March I  8,  I  983, approved by the Departnent of

Energy. The object ive and procedures from that plan are preseoted in this

s e c t i o o .

Ob i  ect ive

The object ive of the survey l ras to provide a cooprehensive assessuent

o f  the  rad io log ica l  cond i t ions  on  proper ty  N-Nor th .  Rad io log ica l

ia fo rna t ion  co l lec ted  inc luded :

l .

2.

3 .

4 .

5 .

d i rec t  rad ia t ion  exposure  ra tes

r a t , e s ,

loca t ious  o f  con tan ina ted  sur face

concent ra t ions  o f  rad ionuc l ides  in

concent ra t ions  o f  rad ionuc l ides  in

concent ra t ions  o f  rad ionuc l ides  in

d i t c h e s .

and surface beta-gaoma dose

a r e a s ,

sur face  and subsur face  so i l ,

sur face  water ,  and

sediment samples from drainage



Pro cedures

L .

l .  T r e e s ,  b r u s h ,  a n d  w e e d s  w e r e  c l e a r e d r  8 s  n e e d e d ,  t o  p r o v i d e

access  fo r  g r idd ing  and survey ing .  Th is  opera t ion  was per fo rmed

by Modern  D isposa l  Co.  o f  Mode l  C i ty ,  NY,  under  subcont rac t .

The f inn  o f  Mc ln tosh  and Mc ln tosh  o f  Lockpor t ,  NY,  es tab l i shed a

reference gr id system on the proPerty.  A nominal 80 rn gr id

spac ing  was spec i f iedg  however ,  ac tua l  g r idd ing  in tenra ls  var ied

s l igh t ly  in  some areas  to  make use o f  access  pa ths  prev ious ly

c leared  dur ing  the  Eber l ine  surveys .  Use o f  these pa ths  avo ided

unnecessary clear ing expenses and also niniroized further damage

to trees and oEher vegetat ive ground cover.  The gr id systen is

ind ica ted  on  F igure  3 .

Walkover  sur face  scans  l re re  conducted  over  aL l  access ib le  a reas

of  the  proper ty .  T raverses  were  a t  5 -10  rn  in tenra ls  on  those

areas that were relat ively inaccessible and had no history of

rad ioac t ive  mater ia l  use .  Scann ing  in te rva ls  were  1-2  n  a long

roads, the north boundary, and in other areas where direct

rad ia t ion  Eeasurements  suggested  poss ib le  contaminated  res idues .

Por tab le  ganma Uaf ( t l )  sc in t i l l a t ion  survey  meters  l re re  used fo r

the  scans .  Locat ions  o f  e leva ted  contac t  rad ia t ion  leve ls  were

n o t e d .

Gamma exposure rate measurements were made at the surface and at

I  n  above the  sur face  a t  in te rsec t ions  o f  the  major  g r id  l ines .

Measurements were performed using portable ganma NaI(T1)

sc in t i l l a t ion  survey  Eeters .  Convers ion  o f  these measurements  to

exposure rages in microroentgens per hour (  U R/h) was in

accordance w i th  c ross  ca l ib ra t ion  w i th  a  p ressur ized  ion iza t ion

chamber.

5. Beta-gaoma dose rate measurements ' rdere performed I  cm above the

sur face  a t  na jo r  g r id  l ine  in te rsec t ions .  These measurements

were  conducted  us ing  th in -w indow (< t  ng /cn2)  G-M detec tors  and

3.

4 .



6 .

Por tab le  sca le r / ra tenneters .  Measurements  were  a lso  ob ta ined w i th

the  de tec tor  sh ie lded to  eva lua te  cont r ibu t ions  o f  nonpenet ra t ing

beta and low-eoergy ganna radiat ions. Meter readings \rere

conver ted  to  dose ra tes  in  mic rorads  per  hour  (u rad /h)  based on

cross cal ibrat ion with a thin-window ionizat ion chamber.

sur face  (0 -15  cn)  so i l  samples  o f  appror imatery  I  kg  each were

co l lec ted  a t  in te rsec t ions  o f  the  major  g r id  l ioes .

At  loca t ions  o f  e leva ted  sur face  rad ia t ion  leve1s  be ta-ganma dose

rates at 1 cm above the surface and exposure rates at 1 m above

the surface lrere also measured. surface soi l  samples l rere

obta ioed f rom Ehese loca t ions  and,  fo l low ing  sampl ingr  the

surface exposure leve1s were remeagured for comparison with

presampl ing  leve ls .

7 .

8 . Detect ion Sciences Group of

penetrating radar surveys at

assure that subsurface piping

dur ing dr i l l ing.  In  some

s l i gh t1y .

Carl is le,  l l ,A, performed ground-

proposed boreho le  loca t ions  to

and ut i l i t ies nere not damaged

cases ,  boreho les  were  re loca ted

9 . Boreholes were dr i l led to provide a mechanism for logging

subsur face  d i rec t  rad ia t ion  pro f i les  and co l lec t iug  subsur face

so i l  and water  samples .  F ive  borehoLes were  dr i r red  by  s i te

Eug ineers ,  Inc . ,  o f  Cher ry  8 i11 ,  NJ ,  aud Ear th  D inens ions  o f

Aurora, w, using truck mounted 20 cn diameter holtow-stem

augers .  The loca t ions  o f  these boreho les  are  shown on F igure  4 .

Gamma radiat ion scans were performed in the boreholes to ident i fy

the  loca t ions  o f  e leva ted  d i rec t  rad ia t ion  leve ls  wh ich  n igh t

ind ica te  subsur face  res idues . Rad ia t ion  pro f i les  in  the

boreholes rrere determined by measuring ga"rma radiat ion at

15-30 cn intenrals between the surface and ground water or the

ho le  bo t tom.  A  co l l imated  gamma sc in t i l l a t ion  de tec tor  and

por tab le  sca le r  were  used fo r  these measurements .



Soi l  samples  o f  approx imate ly  1  kg  each l re re  co l lec ted  f rom

var ious  depths  in  the  boreho les  by  scrap ing  the  s ides  o f  the  ho le

with an ORAU designed sampl ing tool .

I0 .  Three water  samples  t re re  co l lec ted  f rom areas  o f  s tand ing

( s u r f a c e )  \ r a t e r  ( s e e  F i g u r e  5 ) .

11. Three sediment samples l rere

the periphery aad eastern

F i g u r e  5 ) .

co l lec ted  f rom d i tches  loca ted  near

sec t ion  o f  the  proper ty  ( re fe r  to

LZ. Twenty soi l  samples and seven water samples were col lected from

the Lewis ton  area  (bu t  no t  on  NFSS or  assoc ia ted  o f f -s i te

proper t ies )  to  p rov ide  base l ine  concent ra t ious  o f  rad ionuc l ides

for comparison purposes. Direct background radiat ion levels were

measured a t  loca t ions  \ rhere  base l ine  so i l  samples  were  co lLec ted .

The locat ions of the basel ine samples aod background measurenents

are shown on Figure 6.

Sano le  Ana lvses  and In te rpre ta t ion  o f  Resu l ts

Soi l  samples were analyzed by gauma spectrometry.  Radiurn-226 was the

na jor  rad ionuc l ide  o f  coocern ,  a l though spec t ra  were  rev iewed fo r  V-235,

U-238' Th'232'  Cs-137, and other ganma enit ters.  Water samples were

ana lyzed fo r  g ross  a lpha and gross  be ta  concent ra t ions .

Addit ional information concerning analyt ical  equipnent and procedures

is in Appendix A.

Resu l ts  o f  th is  survey  were  compared to  the  app l icab le  gu ide l ines  fo r

fo rner ly  u t i l i zed  rad ioac t ive  mater ia ls  hand l ing  s i tes ,  wh ich  are  presented

in Appeudix B.
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TASLE

RADIONUCI.IDE CONCENISATIONS

1-B

IN BASELINE WATER SAMSLES

Locat ioua
Radiouucl ide Coacentrat ions (pCi/  1)

Gross A1pba Gross  BeLa

I{l
vt2
1.I3
ll4
w5
I{6
w7

Rauge

0.95
0 .95
0 .55
0 .63
0 .73
1 .87
1 .15

0 .55

!  0 . 93  b

!  0 .94
i  0 .78
!  0 .89
i  0 .68
!  1 .84
+  0 .56

to  1 .87

4.79  +  1 .15
9 .17  1  l .3 l
2 .73  t  I .05
5 .37  3  l . l 7

<0 .64
14 .3  !  2 .4

<0.63

<0.63  to  14 .3

a
b

Refer to Figure 6.
Errors Ete 2o based ou counting etatist ics.

2 2



TABLE 2

DIRECT RADIATION LEVELS
MEASURED AT INTERSECTIONS OF THE

},IAJOR GRID LINES

Grid
Location.-FE-

Gaona Exposure
R a t e s a t l n A b o v e

the Surface
(uR/h)

Gaona Exposure
Rates at the

Surface
(uR/h)

Beta-Ganma Dose
Rat,es at 1 cm Above

the Surface
( urad/h)

0 100
0  180
0 250
0 360
0 420
0 480
0 572
0 665
0 725
0 820
0 900
0 980
0 1060
0  l l 40
0 1240

80 100
80 r80
80 250
80 360
80 420
80 480
80 572
80 665
80 725
80 820
80 900
80 980
80 1060
80  1140
80 1240

t60  100
160  180
160 260
160 360
160 420
160 480
160  572
160 665
160  725

9
38
b

29
7

30
26
13
29

I
7
8
7
7
8
8
9

,g

8a
104
8
8
7
8

7
8
b
7
7
7
9
9
9

7
7
7
7
7
7
8

l0
lza
7a
9
8
I
7
I

6
7
6
6
6
I

I
9

l l a
7a
I
I
8
7
8

7
7
7
7
7
7
8
9
9
ga

114
8
8
7
7

30
23
34
30
16
29
L4
19
354
ga

39
19
l9
7

.25

18
30
27
r6
20
2L
35
32
18
8a

3ga
18
22
16
L7

7
8
b
6
7
7
9
9
8

23



TABLE 2 ,  con t .

DIRECT RADIATION LEVELS
I"IEASURED AT INTERSECTIONS OF THE

MAJOR GRID LINES

Grid
Location

Ganma Exposure
R a t e s a t l n A b o v e

the Surface
( u R / h )

Gamma Exposure
Rates at the

Surface
( uR/h)

Beta-Garnma Dose
Rates at I cn Above

the Surface
(  u rad /h)

160 820
160  910
160  970
160 1000
160  1060
160  u40
160 1240

240 100
240 180
240 260
240 360
240 420
240 480
240 572
240 565
240 725
240 820
240 910
240 970
240 1000
240 1060
240 1140
240 1240

320 r00
320 180
320 264
320 340
320 420
320 480
320 572
320 665
320 72s
320 820
320 9r0
32A 970
320 1000
320 1050
320 1140
320 1240

9
10
ga

104
8a
7
7

9
l0
ga

l0a
ga
8
8

26
23
8a

354
2ga
19
8

b
t8

b
b
b

L 4
2 L
t 5
26
29
24
t4
l5
l 0
l 9
r6

b
7
b
7
7
7
9
9
8
9
9
7
8
8

l0
7

b
7
b
b
b
7

l0
9
9
9
9
8
8
8
8
9

b
7
b

24
t8
18
t l
20
9

35
25
9

10
30
43
24

b
7
b
8
7
7
9
9
9
9
9
8
8
8

l0
7

b
7
b
b
b
8

10
9
9
9

t0
I
8
8
8
9

zL+



TABLE 2, coot '

DIRECT RADIATION LEVELS

MEASURED AT INTERSECTIONS OF THE

},IAJOR GRID LINES

Grid
Locat ion

N E

Garoma ExPosure
R a t e s a t l n A b o v e

the Surface
fu a/tr)

Gannma ExPosure
Rates a! the

Surface
GR/h)

Beta-Ganma Dose
Rates at 1 cm Above

the surface
(1rad/h)

400 100
400 180
400 260
400 340
400 420
400 480
400 572
400 665
400 725
400 820
423 820
423 910
400 970
400 1000
400 1060
400 l l40
400 1240

480 120
480 r80
480 260
480 340
480 420
480 500
480 572
480 565
480 72s
480 820
480 900
480 1000
480 1060
480  l l 40
480 t240

560 100
560 180
560 260
560 340
560 420
560 500
560 572
560 665

b
b
b
b
b
7

1 l
1 0
10
r0
10
10
I
8
I
8
b

b
b
b
b
b
8

1 l
10
9
9

10
9
8
I
8
8
b

b
b
b
b
b
9

2 L
1 t
24
2L
20
L7
45
8

L2
27

b

b
b
b
b
b
b

5 4
20
L 2
t 4
t 5
T7
17
L4
b

b
b
b
b
b
b

50
39

b
b
b
b
b
b

T4
l3
T2
T2
9
8
8
8
b

b
b
b
b

sb
b

I 4
1 3
l 1
I I
9
8
8
8
b

b
b
b
b
b
b

L 7
l 9

b
b
b
b
b
b

20
t 7

25



TABLE 2' cont.

DIRECT MDIATION LEVELS
MEASURED AT INTERSECTIONS OF THE

}4A^IOR GRID LINES

Grid
Locat ion

Gama Exposure
R a t e s a t l m A b o v e

the Surface
(  uR/h)

Garnma Exposure
Rates at the

Surface
(  uR/h)

Beta-Ganma Dose
Rates at I cm Above

the Surface
( urad/h)

b
b
b
b
b
b

50
29
39
18
29
I9
28
15
b

L4
r3
9
8
8
8
b

b
b
b
b
b
b

4 I
29
20
l 4
t 2
8
9
8
b

L4
LZ
9
7
8
8
b

b
b
b
b
b
b

43
30
20
T4
t2
I
8
8
b

I

560 725
560 820
560 900
560 1000
s60 1060
550  1140
560 1240

635 100
635  180
635 260
63s 340
635 420
635 500
63s 572
535 660
635  745
640 820
640 900
640 1000
640 1060
640 1140
640 t240

668 745
668 820
668 900
668 1000
668 1060
668  1140
668 1240

25
29
13
L7
25
28

b

b
6 l

b
33
L2
l9
b

b
l 6

b
9

l0
9
b

b
r6
b
9

10
8
b

a
b

Grid point is on Nf-North
Measurement not Performed
or ot.her obstruct lon.

Proper ty .
due Eo Presence of act ive landf i l l ,  surface waLer

26



I
(lJ

EI
l.l
o

t.f\ H
o

O A

. o r Jq l o
H t r

tr bt).F{ tr
iO ,-.1

O A
r , E
q r ( , )
o
O H
t { O
o
o c
H O( ! E

o
o l.{
o =
o ( o

.  > \ ( ( t
€ - r  O

( d E
o t r
H ( ! ( a
t o )
b0 q,, +r

. F { €  €

h . . r  o

o  o €
E '"{

H O
O . r r  S

r+ { !  ( , l
o ( l ' c t
e d a
qt -o c)

27

d t oo\ \0
(f)

Ft 6l

F4 r.l
(i1 -it
F4 Fq

O O * r ( n O O
\ O C O \ O \ t | ' 1 O
c h o

c
r\

. + ( ' l o r \
H F I  F {

t \ \ ( ) t n \ l ' C O O
N ( v r ( r 1 S l F { O

c{

6l \t

H65338
d F { F { - { O O \

Fl

O O C  O \ O - f
c.l ln |r\ \O -{ \O

(\t (\t $l rJ.\ \o

( t l $
&>
q , E
f. o)

tt)
O  o ^
A F r  E
X A \
H  A i l

!J C': V

o
€ t r
r J ( u
t r r ,
O | |( r<

€

IJ
o q l

F { O
9. 'F{

E t r
(tl .i'l

c a | J

o

c)
a
&
o 5
( a \ .
o €
A ( !

t'l

ql
|{
t{

tt)

r c )
l o
l o
l|+|
I t {^ l  t

E l ( a

c l o
a t >

v l  o
I 3o l <

r . | l
q l E
s l
o r l
H I

o l
o l !
al o
x l $
1 4  l !

l otc )

o
. F {

t,
ql
o

FI

€
H

(9

z
(,: (J
2 ? n

F { H
H ( J

(J l:{
o &

1 F

cn
H<e

lc( a >
( n  F I O

r l l M
lrl > Fl
J  F T <
i A  F I B

H  Z I ' I
v *
H H
ts
Ii FQ

< a
& l a

l{
H h
q) F{
r d H
& 2
F{ fEl

H



6 o q N € n o o  9 . t r r { o s - o ? 9 9 i n  
d 6 r d o ' o F : f ! d i o - o o o

o  {  N  €  n . r  {  s  " ' ; ; ;  i  6 a  n  r i ' t  n  ' +  U  6  o  i i o  o  o c  q  ' c ' i l  6  o  ' t  €  o
' 

: d d : : : d ; ; ; ; ; ; ; ; ; c; c; d c; d <; d d d e; €;
o o o o o o o o  o
+ l  + l  + l  + l  + l  + l  + l  + l . o  . o  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  6  ' o  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  . o

sxs: l !=E E:3sn$lx lq i in  EESqlqqqssnSR=3
c; i €; i -: J -: ci d : : I I i ; i : i ; i d -: ; : : <; -i c; <; €; i -: €i c; '': i

t s o  - . s o  o @ o o q \  9 q r - \ ' o o o :  : : : ;  3 : : : 1 j : i
b . i  a ! a  a r O O O  O o o - - d r  ' : ' : ' : - ;

* : : - - : " ; :  ; : : : d ! d ; ; ; ; ; ;  d d . ; d g g E d d o o o o o o
i  I ' l , i  i  * r  * r  * r . o  . o  + t  + t  + t  * 1  * 1 ?  t 1  + l  + l  + l  + l  + l  + l E  '  + 1  + 1  + 1  + 1 -  :  -  + l  + l  + l  + l  + l  + l  + l  + l / o

9 - ' * ' 9 ? n ^ 9  6 o o N ' 9 s r o 1 6 s l  S G S € V V V r R S S q i q q- ; J '  
i \ i - -  o t n r o e  - o o l i c ' ' !  ' :  : : - . " ' :  

' :  .  .  '

d l  ; d d  ; ; ; ; ;  d d d . i d i d  d c i d ' i  d d d o o o o o

o. .  nnn o3st3  5 i  q  q  qqq i \q !  iqq^q lI  9 l  : " l Y  a
r  S o  d  o  d  N e  *  - l c i - i c j  g ' ;  - l g J  g  i " i  l : : 3 : , : , : , :  

' + - -  d  o  N \ o

+11 +1 +1a + l  + l  + l -o  -o  + l  + l  + l  *1  *1 i  *1  +r1  * t ]  ]  
* ' .o  .o  +1  + t  +11 + l  + l  i l  + l  

c i  l t1 t  
+ - t  

, t  , 'O  
.o

g '9a; tR:E s :BnRviSVoV?n h13v{ iEq" iqqqq '
i ; ;  j j . i  ; . . i i ; i  ; :  " ' :  

:  i - : ;  ' i ' i ' i n  t - N d d

€  G G
- ^ l - 6 € F 6  . + - + o € € N - o 9 o a 9 6  F - n N o d 1 6 n 6 o o o c o 6 €
f l N  f l o N f l <  o ' t - N i N N o q o s o ' i  

i ' i e e e i N - N d  N - o -

d d *r"i d <i d c; o o 6 l I ; ; ; ; ; d ; ; J ; " " ; ; ; ; d d d d d :';'d e e e "
V V $ V V V V V  v v v v v v v v v v v v  6 - "{

o o

$n:;R:sx nsR:isqEqqqqq qqqqqqi lqqi i -{ i i
' j i <; c; d c; d d c; d <; d o d c o o o o o o o o o o o o

o o o o e o o < )  o

+ l  + l  + l  + l  + l  + l  + l  + l . o  . o  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l . o  . o  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l ' o

38Rs3:3s s:nERdsqqq{qE xqiqeqeqns6Rrss
' ; "  " " c i  d d ; d c ; < ; d € ; d d e ; d c ; c ; di < ; c ; d c i d o o  o i o o o o d o i d o -

sEFg33;€!8sFE3sssRSetEFBHfl E:EssRg$et3IE;A
a€oooooooooo . . . * sBBesBBsas ; ; * t ==g  gggggEgg

ls
ll
l"
I
I
I
I
I
l-

oold
\ l l
. r l @
ci le.:l
o l

EI' ; l
! l
e l

El-
c l N
o l lr l t
o l
t l' i l

o l

o l. i l

6 l n
€ l o

l d
l l

l -
I
I
I
I
I
I
l.o
l d

IT
l €t d

(n
fEl g2

. r-1

t u z
E H

'  < F f
U)

a
F I H
H . g .
o ( 9
tn

\ d l

F r o
(.) F,

< <
ler >
E

'  = ) r d
ca itr

, H
r l Z

.+ f-l h

t{ (n
F l  ? V t
E  o z
H  H F r

< H
C C . )
H E I
2 ? A
t a c
q) trl
z?az
Q F {

r d Ho<
H
H H
(, lrl
= ) Hz c )
O fr]
li Fl

<o
d c . )

- l
o l' ! l
Gl ! .1

o l
. l l

I
. a l z
t l
( , l

28



N o o € ..' € N € € € n Go F .'J - .s € ql \ t: - r 6 o 6 6 H o 6 6 l> 9 o @ o a o co't

+ o o .{ ' 6 6 n o s o i l ; i^{- 'd G ; o 6 ;r 6'q i: ; j  - J . ' t f i  n n I 
6 € n € o o o {

d ci d ci <; d €i d <i d c; €; d d <; €i d <i d d d d : ; ; ; ; ; d <i c; c; i d <; d';'i <;

. o  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l

3:s :G3:xbEF35f l  : : tqqqR*E331:qqqqsSelqqq i' ' i : : d I : d i d : ; : ; ; : ; : ; ci 'i -: i ci 'i ": '; d d -:
d O O O O - d d O d

6 n  € € s f l o ' i r f l F n 6 6 - N t s  a l N N o N l g a t A l F € o ' t - N o o
o r  o o d d  - - - )  o - r d d i  - r l i : ' ' : ' ' : - :  1 . i - - q ' ' : " ' : ' : ' ' : 1 ] l
d d - ; ; ; ; ; <i <j <; d d d c; d i I :'i €i 6j c; ci d d o o o o e e o o o o o o o
_ - o . * r * r * t t l * t * r * r ] l + | + | + | + | + | + | + | + | + | + | + | + | + | + | + | + | + | + l + l + |

- o  + l  + l j  + l  + l  + l  + l  + l  + l  + l- 
5 : ? : : s 3 3 ! 3 3 r € n 3 q q t t { q 3 G s q q q q q q q I i i ! I I ^q E' ' ' d ; J ; ; ; :  d c ; . j c ; d c ; € ; < ; d d d d c ; < i d c i d o o oO d  O O O O O O O

e 6 o q 6 6 6 \ t e e - 6  c ) n N n a e q i A  i S i F ; 3 S 3 3 3 i F C q q {
I - n n : - e i i I : : "'l 1 : I ? : : : j - : i J -i ; ; -: ; J .,: ; : ; ; "l :
d r O i d i d O d d a O q d r o

.o  + r  + r  + l  + r  + r  + r  + r  + r  + r  + r '+ r  * t1  * t  * t  + r  + r  + r  + r  * r  + r  * r r  + r  + t  + r  + r  + r  + r  + r  + l  + l  + l  + l  + l  + l  + l  + l  + l

;sn3:es:3;ssesEqqqqqqqoqqqqei i iq4qiqqqq
; ; ; ; : ; ; ; .': ; ; -: ; i i { 

"i 
ci -: c; ; N 6 < \G' d I N d - N t c{ 4 d a a

e F € o o 9  I
N F 6 ' 1

.c 6 6 i o .+ o 6 - d - o 9 9 n :1 : I "i I d o o n d 1 d - {l : = d 6 n r < o o 6

< i i , i -  q e  c i  e -  *  . , l i {  i " r q { " i  ; , " :  ; r " ' i - l l , ' : i , : :  : : '  
N ' {  6 d  N  n  N

'  ; ; ; ; ; ; ; 3 3 ; 't e e e e e e e * e * ; ; d ; 'e : 'e e e e : 'e ? e e e e e
N

cj <; <; tj <; c;

6 o 6 .f o o o o o o d n o o -+ € o I I n o 6 - € n 6 I 9 I - I s { n n 't a d

d  i  N  N  N  6N  o  s ;  R ; ;  c  oF  o  e  o  q  I  
" ' : " :  {  ' ' : 1  ' ' :  t : 1  ' ' :  t :  ' ' :  

" ' :  
t :  . u  i

: - d ; : ; d d ; ; ; ; d .; c; d d d c; d d d c; d d c; <i <t d o o e o o o o o o o

.o  i t ' ' l  * t  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l- 
:'::::5::: i:::::::::: :::::::5:: ::::3:::

ESSEEFg$E;EF3;;93:EERESE*ET3:;g:i3;€TE;;
: : . . o o o o o o o: :exxx*xxxxSFF:3=SRFRRRESSEFSSSSSCge gegg

l *
l o
l N
l l

l H
I
I
I
I
I
I
I

l -
t l

^ l  I
o d 6

>l( )
o l
q

v l

. l
o l

TI
g l €

o l d
e l  I

o l. l
0 l
! l
: l
o l

o l
r l o
€ l N

c l  I

l -
I
I
I
I
I
I
l -
l N

IT
l €
l E

tn
FI C/T
Fl El
t u z
E H
< F f
tJ,

F I H
H g
oo
?t)

t c o
Q F l

h E

t l I :
( a i d

H
z
H h

(n
z c noz
F r O
ts F,l
< H
E C J
H lrf
z c n
t a E

2 H
o 2
C ) H

lr: H
e<
H

c) fEl
P H
z l )
O H
H F I

<o
& e )

l { J
t

.+
?'1

Ff
lq

F

29



o

tr

E O
O ..t

€ !
, e
O l'.
f r r l

.r{ (o
oo o

t{( I | t {
oq l s

F I O

( o l r
o o
H

H
o q )

Fl .LJ

o ( l l
E }
o( o o )

o
ql

. E  I r {
( a J J  t
( ' , H  ,

. . { O o l
t t z
q t l t l

. r { \  O
$ zq r ( u
+ r > \ o(o r r  t r

H O
00(u  s l
C *  ( u

.r{ O t{
r l t {  a
t r A
t 0
o t r  s
( J o

h o
c 6 ] . , ,
O . F {  t {  I(u

€ C i A €
o o o a
( a . F l  H  r )
q t r r  a o

€ q t  o
O  ! F a

b  o  < ! - r
S l - { . Q  O

r r o
O r ,
t r t r t r o
Cl .F{ O F{

O A
( a  Q !  E
t r  H q l
o n o  0  ( a
l r ' Fa  o .
t { H O O
r E r ( 9  H z

€ €  \ o r . + o . o 6 N = o  € 9 { 9 1 9 9 1 : 6 o o d 6 6 € 6 d  o N  {

o F  N . q € + \ o o € o s  " ' l Y l n Y I . : l r  
q I g n : : : ! _ l  : i  ' ' :

o e  e o o o o e e e d  o d o o o o o o o  o c o o o o o o o  o . o . i l o ,

+ l + l  o  + l + l + l + l + l + l + l + l + l  s  + l + l + l + l + l + l + l + l + l o  + l + l + l + l + l + l + l + l + l  e  + l + l  '  + l e

:q qqqiqqlrq qqqqqiqiq qeqq?qqqi qq"i
d o  o - o o r o a o d  d d d - o - o d o  r o r o o - o - o  o

( O o  t s c t  O . { r o n d  O \ O \ O 6 € o r  o  - € - f i o  6 o O o

o -  O i  N d d N r d  d i - t - - r  O  a ) a a a  o f l o d

o o  o o € o o o o o d  ! 9 0 0 0 0 0 0 0  e ' + € o o Q o o E  o o o o

?,  T '  " f , f , ! I , l ' l ' i , i ' i '  " -? -e ; '  
* r  * '  * r  " r  + r  + r  e  +r :?  *1  *1  *1  +r  + rE o  + l  + r  + r  + l  o

o d  . o 9 - n < € 6 o  9 9 . * ' t $ - t 9 :  € v v o " c . e ! ! 6 t  t ; | F t
n 6  o d t  - o r o ^ - l '  

-  - ; i i ' ' 1 G i n 1  o F u . r € f i
.  .  .  '  . ' ;  ;  .  .  '  '  '  '

o c  o o  o o o o c d  d o o o o o o  < t  o o o o o  o o o o

n8 3R38s;  3  334;x3: i {  3R :3Aqq iq i {
a o d d o e * - c i  a i ' i ; ; d d N d O  F - d c - l d d t d N  r 6 o O

l , ' * ,  . 9  + r  + t  + l  + l  + l  + 1 1  + l  o  + l  + l  + l  + l  + l  + l  + l  * l  * l  t  9  + l  + l l  + l  + l  + l  + l  + l  e  + l  + l  + l  + l  e

- ' ^ ' -gnEnera9g  RR:E* f ,86G vg€v6q{qq  q iq {
e " :  i i 9 i 1 i
N -  N n f i € o N  i  < ; ' ; ; . + a i a c ' l { N  o d  d 6 - N d  6 n \ o ' ' f

n . O  c O
. i t €  O

< co @ ro - - - d d d c.{ Co.ir € d P t I m r 6 N € *o o i! !! :1 I € o

d N o N o d N  . . . ,  " ' i : ' : n ; ; 1 , " t ' f  i . . i - t ' : " : ' ' . 1  " : ' : ' ' : t ' : . " ' :  i : ' :  
"

" <; d c; <; c; <; <; 
+t +r e 

ci c; c; c; c; :'i i i 
- 

d o o o o o o o o o o 9 I
v w v v v v v - €  J V V V V o v v v  v v v v v v v v v  v v

. ] q  i
O d  C

€ \ l '  o d 6 6 @ 6 € e o  c ) r 6 o o c : l ! 9  6 o o o 6 o a q ' l  n 6 6 o

i N  o o o o o N o o o  o f l ' f d N n n a l n  ; i " i i / i n * i t i e 1 n  d o o N
a . . ; " '

o o  o c e c o o o o d  o o o o o o o o o  o o o o o o € o o  o o d o

+ l + l o + l + l + l + l + l + l + l + l + l o + l + l + l + l + l + l + l + l + l o + l + l + l + l + l + l + l + l + l s + l + l + l + l s

Rs 3tR6ss368 sFssqqqqq ts :sqqiqq s iqq. . . .
€ o  q _ - d a - o - - d  c ; d i c t o o o i o  d o r o o o o o o  d n F d

E3ie;EilBesssFetElEsss:Ee;EFBHsg:IHFE:!
d d a  - ; f  

-  d a -

e3e3eee3eee3eaFfi ;FFFsfi FAAAA333333g3g3g

o\ (o
N d

l e
l o
IT
l "
I
I
I
I

I
I
l *
l n
IT

^ l  o
oqu

>t
e l
- l
o l

c l
s l

! l -
c l f l
o l  I

o l' l
o l
: l

- l
q l

o l!n
! l N
( i l |* l =

I
I
I
I

I
I

i.
ls
lir
l l
l d

l n

(r:
t{ sr
t u z
E p r
< F f
?d

F I H
H q

tn

f:1 O
(J f't

f ;g
&
! ) I {g2 FE

H
z
H h

vt
z .noz
l-a O
H t-a
< ts
C C J
H ft:
z @
t a E
() trl
z ?a z
C . ) H

r { H
n<

c, ld
F F
Z Q
o F 1
l{ Fl
O F l
<o
d L )

) !

A

. o

.f,

frl
Fl
FA

H

o l

o l. r l

q l
q ll'I
' i l

s l, a l z

( J l

o . o

30



;
o a t
> o
O 'r'l

ut
tr ''r
o t ,

.r{ Ctt

Q ( o

€ 0 0crt tr

! t r
o t
o o
l { ( )

E C
o

t{
o €

. t+.t (u
€ .tt

(n c\l
o €
l i O
5 -.1 t)
oo3 c l

.r{ (t
h H  O

t{
o o o
u r ,

o
H l r l {( u ( u 0
+{ t+r L
O O J H
d & t a
( | !  O

31

N

n €
+ 1 . + 1 .' O d

6 O
N

s . 0 Q O
O i  . r

d O  O

F

o

N . i t  6  O
.rt \o

+ l  + l  + l  + l
€
s €

O d d O
-t \o Ct
6 0

d

o

. i '  d O

r O  a
+ l  .  + l + l

o  s ' t o'+

€
O F

. t - C

+ l + l + 1 .

c o F

o q N
r f l
N

0
t

. r a d i d  '
I  . d . i . d  o
o  o  o  o r
& a o 6 a

o

Eigg
o o € €

d n €

r e , e E €

l N
t o
l N
l l

I r-l

I
I
I
I
I

I
I t s

, l i
^ l  I
o d e

\ l o

-l
o l

o l
, d l

9 l
r l €
o l o
o l i l
q l  I

o l

" lo l
.d l

s l

Y I

€ 1 6
N t o' lr

l D
I

I
I

I
I
I
I

I
I €
l f l
I N
l l
t {
t g

q

g H
O H

@

* .
E l o
6 Z

o

cn 2I
r d <
F { ( l l
E
< f r
CA l-l

lrl O( . ) l z
< F f
h <
E B
ql E]

Z H

x
r n  ( a F Q

z
l r l  O e
Fl H ftl
F A  H F {

H  d A
H H
zz
fd frf
O Q
2 t-[
( J ( a

z
tdt o
A F {
F { H
F r <(, (.)
Z Ao
H >
H v

< d
E h



(n
o

tr
o

o
('
oo

rr

o
o

o
€. o

- f U r
o

o !
l{

00 0l

fr. o
t{

o ( t '
LI

o
H t r
o o

t+.t l.a
o l-.

d t a

q l . o

35s !sx R*33 qqn nnli
o o o  o a a  d o o o  o o o  o o o o

+ l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l

xR$ sR3 R53R 3al sssS
O - l O  F { F i O  O O - ' - {  ' - i O ' r  O O O - {

O \ O O \ @ \ t 0 O
= = o o F { d

. + d +  o \ c , o  o \ o d l  \ o  o 9 l  o d ) d ) c .

o  o  . c  : , 6 U -  - , = =  c o c
. + l  . + t  . ? t + l  ' + l  ' - ' + l

o  o  Q  " o o c  
' 9 9  ' c c o

v @ v  F v \ g  o V V V  r - V v  c r v v v
O ( n F l F ( n ( n

O O O O O F t

s l \ g  r n  O \ O | > N  O \ O \  * O t O c O
@ . +  ( r )  + 6 b o ;  o -  F ' + \ o

g. i i  *3 :
:  + l + l  + l  + l + l + l + l  + l + l :  " l  + l + l + l

t  ' , O _  
d  O

v \ o - {  r n v v  . + r - + 9  q - ? \ /  w - r t 6 - f
e o d  F {  G i  i r t o '  < v i . g  ' ' t o d )

: i  j  : ; ; ;  ; j  - i i c ;

3
o \ ( n , - {  @ F { \ o  - t 9 : 1  {  q t i g  c o o i |  I
,-r <v,t c.I 6l (n d) 

"'i { n { 1 *rI 
'1 t: t: 

":
c ;d€ ;  ddo  oc ;< ; i  I  * ' 9  oooc
VVV VVv  VVVV vX t '  v vvv

c;

3 . + *  ( n - { - r  - r r o n ?  9 a f  6 l - { - ' u 1
Gt .+.S d) .q <vl iri 6 or o sl F{ 6l ot <n sl sl

o o o  o o o  d o o o  o o o  o o o o

+ l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l  + l

N r n €  r . 1  c p s l  ( n ( n c ' l  6 l  { ( v ) P  6 r - r 6 t -

F o o  - { o 6 l  i - i  i t i o ;  o < i o  t n r - € o

O F a - i  ' - { F { F t  F t F t F { F l  - r O ' - ' t  O O O O

oq$33
o o
q t ( t 6 . ! ( t

1- ' i^  t -  \ t  ! l  i^
;d* ;d-  ,7. ;* ;  8. ; -  8d-*

t\

o
\f
sl

O€
.f,

o
c!
@
o

oco

rn

ol
.,f

o
@
c!

.fdl6l

32

(\
I

H

('l

I
(D
c-)

ao
(r)
(1

I

(v)(\
I

s l l

.91
r.r Io l
h

qJ
o
o

CJ

OJ
€

()

o

cE
E

\0
c{
(\l

I
6

d

e E( u v

'.'l I
{Jl f:l
(lll
o l
o l
Fr l

I
E l z'r{ I
t { l

(.I| l

o

o c t
E
o o
l a Z
o
FA

co
h1

El
=
an

FI

tn

FT
-l

&

\ O Z

rd
Fl 'n
F a z

Hts
F{

g
H
z

z
(,
trl
A

Ff
Q
p
zo
e
&



!n (n 0O
<vf \O !n

l \ ( v t O
f i ( n o

\ g F \ g

3.n co o
gi "?

.+ \O r\

\ o F 6 l

+ l  + l  + l

+ l  + l  + l

-r Fl dl
B B B

cl

o
Fcl

IA
tt)

t{
(9

ql

A

(o
(o
o
H
(9

fl
ol

' ' { l
!l f:l
16l
ol
ol
Frl
4tz. r l
lrl

(9l

cn
r4
Ff
P{
E
rt)

&
lrl
H

B

z

ca
z

F O

F T H
-l
rct d

t s z
CJ
zo
(J

lI:
e
Ffc)p
z
o

o
o

ut

ql

(a

0t)
tr

t

o

o
I

. q )
! n ( a

o( u 3
t{
t b
o0 e{

Fr. o
t{

o o
(,l

l r  t .
o o

r+{ H
O H

& l a

o o F
O \ O r r
F r c ' ) O

( ' 1 @ o
@ €

( t l q l  ( I '
o r o o
o ( J ( J
ql c0 q,

t|. r.l-l r+a
H 1.. t{
, 4 ,

ca q) ut

(u
F{ C)
A A
E h
q l H
(n

o)
o . o
E Z(tl

cl

( t t .o

33



(,
o

o

ql

o

bt)
tr.'{
l.J
a
o
o

o
t. o

r n ( , l
Ctt

O E
ti
= t )
o0 sl

F . ( l )
t{

o q l
rJ

gt
h H
o o

r+a t{
C ' , l {
d s
o €

34

F .if l\

+ l  + l  + l
N c o o
$ rt1 f-

F i F a O

-{ cO d)
( Y t o c . }

o o e
+ l  + l  + l

\ g \ g €
d) $l t\

$ l O F {

.+
€ ! n

€
+ 1 . + l

o
(rl \o

(r) sl
\0

o
tn

F) Sl
. . + l

o o
t\

(n

+ l  + l  + l

-o'.f, co \o
.+ c-{ l\

o o o

O r - O
\O t'1 \g
d l o o

€ o \ g
€ .-1
c\t !n

\o rn (n
o \ O \ t -

r . r o c {

-{ Ol d)

O A A
cn .n u)

lN
l(n
le.l
l l

lH
I
I

o0l
. r',1 I

olt\

s ? l l
t r l ( D
o lq)'r{ I9 I( g l
H l
e l

6 l
o l

5l-
C)l(n

l6t
o l  I

€ l l t
. i{ I

o l

EI
o l

. d l
Gil
(d l ln

g l(rl
lc{
l f
I
I
I
I
I
I
l \O
l ( \
l N
l l
l ( l l
t &

o ,

'F l  I
&r lH
o l
o l
o l
F l l

I
l t z
'Fr I
H l

( J l

o
& o
az
c0

cn

a
fEf
Fftr{
E

vt

H
z
frl
t
H
a c n
f:1 Ef
(/J :tr

CJ
z ?
H H

aco (n
z l a

f r l  O ( 9
F l  H <
r o  H z
H  e <

H &
Z A
td
C ' E
2 0o &
( ) h

FI
a
Ff
(J

zo
o
&



&,
(J

c)
t{

€

o
o
o o
> i ( J
q t l |
t r o
(Il .r'l

H
o o

P . o
E C d
C I H
( r l q l

r+{ (J
o
t r q t
o o
r J ( a
ql >\

..{ A
s
E €
o t r
o crl

F
o t r

..{ O
!r 'F{
( I l !

o c d
. d o
+ { o

O \ t r
q ) ( '

( l l ! F l
H . - l  O
a
b o o  c )

. J € F l

F. 'Fr
el Q

o o o
.lJ t .Fl

6 ! ,
l { o c l
C.' .r{ 'r'l

r + { € €
q., (ll ql

d . &  t l

o
c

t ro
o . d

E =
o , o
o . d
( t ' t r

- o s (a
0l 'Fl

. F {  
€

€ - o

35

( , | ( a
r! c)
o o
H O
€ .r{

A €' € o

+.1 c0 (o
( 0 t t r

F{ € .t'l

o . . {  E
t , t  >  O F {

.d .rl .LJ Ctl
€ t r ' . {

F T t r O H
J . ' l  O  O
ql rr
E  r 4 + r  €
s E o o F

F { d r i H

V V V V

€ € €
(n (n d'l
<{ 61 6l
t l l

t p = )

€
(n
c{
I

p

\o \0 \0
c{ c\l <!
c\l sl c{
l l l
( t ( I l q l
d & d

d F o o

:3:3
C ) O \ O ' f
t . f 1 t n \ O \ O
c{ c{ c.l \g

(r!
,!d
t .

o)
&

( ! l
(u l

. r {  |

olo
" o l E
5 l
( 9 l 9

o0l t
t r l - l. r { l  o
r l >ar l
qr l
o l
x tr { l

I

€ tE
t . I
ar lE
rr l  !q i l a
= l o

l ar+a Io l
I(a l

(u l
.Fl  I

. .{N
! l  E
t r l v
r0l
, t  6
o4 a)

I t {€ t <o l
t r l
(ill
E I

.?'l Iu l
q t l

[r] |

€
(a
o
€

(J

o
I
o
&

(l
C r
o l

.Fl I
r-l I
ctt I
a l
o l
Fl I

I
€ l
' r {  

|
H l
( J '

(J
H <
! E HBf f
! t r H
F { H
c d ,
O ( J
z
t 2
zo

l{
> H
H <& z
t r l H

o \  A =o<
r c  & ?
r t  f u z
t a O
F { o

F]
eri <
< ! D
t c a
C t <
< ( n

EI
l r e &

A
() frf
z l'I
t-{ c)
H X
co rd

Ff



REFERn{CES

1.  E .A.  V ie rzba and A.  Wal1o ,  Background and Resurvev  Recornmendat ions  fo r
i s s i o n  P o r t i

&Ib- ,  Aerospace Corp. ,  November 1982.

2.  Eea l th  and Safe ty  Research  D iv is ion ,  Oak R idge Nat iona l  Labora tory ,

Radioloeical  Survev of a Port ion of Propertv funed bv:
inc. -  Former LOOW Site -  Sr:mmarv Report ,  March 1981.

J.D.  Berger ,  e t  a l . ,  Post  Remedia l  Act ion Survev.  Proper tv  of  Modern

Landf i l l .  Inc. .  Former L00W Si te .  Lewiston.  New York - .  F ina l  ReDort r

@eAssessmen tP rog ran ,ManpowerEduca t i on ,Resea rch ,
and Tra in ing Div is ion,  ORAU, Oak Ridge,  N,  L982.

F.F.  Eaywood,  €!  a l . ,  Renedia l  Act ion and Radio loe ica l  Survevs
Conductei at Prooertv Omed bv Modern Landf i l l .  Inc. .  Lewiston. New

iake Ontario ordnance Works, Eberl ine
Instrumeut Corporatiou, Decenber f 981.

c .  Beg ley ,  e t  a l . ,  F ina l  Repor t  on  the  Rad lo logrca l  Uurvev  L 'onoucEecr

on Modern Landf i l l .  Inc. 's Propertv in March 1982, Eberl ine Instrr :neat

3.

4 .

5 .

6 .

7 .

Corporat ion, May L982.

Oak Ridge Operat ions, U.S. Atomic Energy Corn- ission, Radiat ion Survev

and Decontamiuat ion Report  of  the Lake 0ntar io Ordnance Works Site '

Oak R idge,  TN,  January  L973.

T.E. Myrick, et  al . ,  Prel iminarv Results of the Ground-Leve. l  Garma-Rav

Scan durvev of the Forner Lake 0ntar io Ordnance Works Site -  Draft

BgJ.g.!- ,  ORNL, Oak Ridge' TN, 1981.

36



AP?ENDIX A

INSTRUMENTATION A}TD ANAI.YTICAT PROCEDURES

L

I



APPENDIX A

Ins t rumenta t ion  and Ana ly t i ca l  Procedures

Gaoma Scint i l lat ion Measurement

Walkover surface scans and measurements of ganna exPosure rates \ tete

performed using Eberl ine Model PRM-6 portable ratemeters with Victoreen

Mode l  489-55 gaona sc in t i l l a t ion  probes  conta io ine  3 '2  cm x  3 '8  cm NaI (T1)

sc in t i lLa t ion  c rys ta ls .  Count  ra tes  \ te re  conver ted  to  exPosure  ra tes

(UR/h) using factors determined by comparing the resPoase of the

sc in t i l l a t ion  de tec tor  w i th  tha t  o f  a  Reuter  S tokes  node l  RSS- I11

pressur ized  ion iza t iou  chamber  a t  loca t ions  on  the  N iagara  Fa l l s  S torage

S i t e  a n d  o f f - s i t e  p r o P e r t i e s .

Beta-Gamma Dose Rate l' leasurements

Measurenents were performed using Eberl ine t tRascal,"  Model PRS-I '

port lble scaler/rateneters with Model HP-260 thin-wiudow, paocake G-M, beta

probes. Dose rates (Urad/h) were deternined by comparison of the response

of a VictoreeD Model 440 ionizat ion chamber survey metet to that of  the G-M

p r o b e s .

Boreho le  Loee ine

Borehole gamma radiat ion measurements \ tere perforned using a Victoreen

Model 489-55 ganma scint i l lat ion probe, connected to a Ludlum ModeL 2200

por tab le  sca le r .  The sc in t i l l a t ion  probe was sh ie lded by  a  1 '25  cm th ick

lead sh ie ld  w i th  four  2 .5  cm x  7  *  ho les  even ly  spaced around the  reg ion

of  the  sc in t i l l a t ion  c rys ta l .  The probe was lowered in to  each ho le  us ing  a

tr ipod holder with a smal l  winch. Measurements \ tere performed at 15-30 cn

in te rva ls  in  a l l  ho les .  The logg ing  da ta  was used to  ident i f y  reg ions  o f

poss ib le  res idues  and gu ide  the  se lec t ion  o f  subsur face  so i l  sampl ing

locat ions. Due to the varying rat ios of Ra-226, V-235, U-238, Th-232' and

Cs-137,  there  \ ras  no  a t temPt  to  es t imate  so i l  rad ionuc l ide  concent ra t ions

d i rec t l y  f rom the  logg ing  resu l ts .
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Soi l  and Sediment Sample Analvsis

Garona SpectrometrY

Soi l  aad sedimeat samples were dr ied, mixed, and a Polt ion placed in a

0 .5  1  Mar ine l l i  beaker .  The quaDt i ty  p laced in  each beaker  was chosen to

reproduce the cal ibrated count ing geometry and ranged from 600 to 800 g of

soi l .  Net soi l  weights wete determined aud the samples couuted usiug

intr insic ger:manium and Ge(Li)  detectors coupled to a Nuclear Data model

ND-680 pulse height analyzer systeo. Background 
":d 

Compton str ipping'

peak  search ,  peak  ident i f i ca t ion ,  and concent ra t ion  ca lcu la t ious  were

perforned using tbe computer capabi l i t ies inherent in the analyzer system'

Energy peaks used for dete:minat ion of radionucl ides of concern were:

Ra'226

u-235
u-23 8
Th-232

Cs-137

0.609 MeV f rom BL-2L4 (corrected for  equi l ibr ium condi t ions)

0.143 MeV

0.094 Mev from Th-234 (secular equil ibrium assumed)

0.91I  MeV f rom ^c-228 (secular  equiL ibr ium assumed)

0 .662  MeV

Water Samole Aaalvsis

water samples were rough-f i l tered through whatman No. 2 f i l ter PaPer'

Remaining suspended sol ids were removed by subsequent f i l t rat ion through

0.45urn  membrane f iL te rs .  The f i l t ra te  was ac id i f ied  by  add i t ion  o f  10  n I

of cotrcentrated ni tr ic acid. A knowu volume of each sample was evaporated

to dryness aud counted for gtoss alpha and gross beta using a Tennelec

Model LB 5100 low-background proport ional counter '

Cal ibrat ion and Qual i t 'v Assurance

With the except ion of Ehe exPosure and dose rate conversion factors

for portable survey gamma and beta-gaoma meters, al l  survey and laboratory

ins t ruments  were  ca l ib ra ted  w ieh  NBS- l raceab le  s tandards '  The ca l ib ra t ion

procedures  fo r  these por tab le  ins t ruments  a re  descr ibed above '
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Qual i t y  con t ro l  p rocedures  on  a l l  ins t ruments  inc luded da i l y

background and check-source measurements to conf irm equipment operat ions

wi th in  acceptab le  s ta t i s t i ca l  f luc tua t ions .  The ORAU labora tory

par t i c ipaEes in  the  EPA Qua l i t y  Assurance Progran '
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APPENDIX B

SUMMARY OF RADIATION GUIDELINES

A?SIICABLE TO OFF-SITE PROPERTIES AT lUE NIAGAM FAI'LS STORAGE SITE



U. S. DEPARTMENT OF ENERGY

INTERIM RESIDUAL CO}iTAI{INATION AND I{ASTE C0I*TROL GUIDELINES
FOR

fOzurtRly Uttt tZgO StrgS Reffital eCrlOll pnoCnr+t (fUSp'irp)

A}TD
REI'IOTE SURPLUS FACILITIES NI]NECEICNT PROGMH-I STUP ) SITES

(Rev iew ' r i i th in  DOE Cont inu ing)

presented  here  are  the  res idua l  con taminaEion  c leanup and waste  cont ro l

eu ide l ines  o f  genera l  app l i cab i l i t y  to  the  FUSRAP pro jec t  and remote  SFMP

! i t " r ! .  A  s i ie -spec i f i c  aoa lys is  w i l -1  be  prepared fo r  each FUSRAP and remote

SFMp s i te  p r io r  to  de tern in iog  res idua l  con taminat ion  gu ide l ines  fo r  a  spec i f i c

s i te .  In  add i t iou ,  i t  i s  the  po l i cy  o f  the  DOE to  decontaminate  s i tes  in  a

Eanner conslstent with DOE's as-1ou-as-reasoaably-achievable (ALARA) pol icy '

ALARA wi l l  be considered ia reducing leve1s of residual Contaminat ion below

appl icable dose l in i ts.  ALARA rr i l l  be inplemented using cost/benef i t

c o n s i d e r a t i o n s ,  a n d  a p p l i e d  o n  a  s i t e - s p e c i f i c  b a s i s .  -

Ttre soi l  residual contarninat ion guidel ines l tere developed on the basis of

l in i t ing oaximum individuaL radi i t ion exposure to DOE l ini ts sPecif ied in DOE

Order 5480.1A exclusive of exposure from natural  background radiat ion or

rnedical  procedures. Ttre radium-226 and thor iur23O guidel ines include aa

addit ional l in l tat ion for bui ldup of radon-222 decay Products in bui ldings'  Ttre

aggregate of the contr ibut ion frou al l  major Pathlrays, based on sceoarios.for

permanent intrusion, e.g.,  establ ishing residences on the sLte'  r tas assumed' Iu

Eost circurnstances, the piobabl l l . ty ls low that such an intrusioo wl l l  occur '

Also, conservat ive assumpEJ.oDs rrere used in deriv iug these guidel ines to ensure

that a part icular dose l in l t  would not be exceeded. Use of these guidel l -nes is

addit ional ly conservat ive because the paEhways considered I 'o the derLvat ion of

the guidelines assurDe all water Lntake and uost food lntake ls from the site'

Also, the FUSRAP and remote SF}{P sltes often have linited agrLcultural -
."p"btLlty and thi contanl.natioa is geuerally not homogeneous- Ttte comblned

effect of these factors ls such that the probable radiation exPosure to the

average populatl.on oa, or ln the wiciul'ty of' FUSRAP or remote SFMP sites

decontaninated to these guidelines will not b-e appreclably different fron that

norrnally recelved from natural background radiatlou.

The residual coutaminatloo gul,deliues for surface contamLuatiou of structuree

rrere adapted frou guidelines developed by the U. S' Nuclear Regulatory

Com-issl;E (NRC) for decoolern{nagioo of facLllties and equipment prior to

release for unrestr l .cted use^gr teruLnat ioo of l lcenses for byproduct '  sourcet

or specLal nuclear materJ*. t  ! ! .  Ttre waste control  guidel ines are consistent

with applicable DOE Orders and EPAIs regulatlous for inactive uranfi:u nlll lng

s l tes ,  40  CFR Par t  192.

f/A r.rote SFMP slte is one that is excess

March 21, 1984
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l o c a t e d  o u t s i d e  a  m a j o r  o P e r a t i n g  D O E  R & D  o r  p r o d u c t i o o  a r e a '  R e m o t e  s i t e s

are  rDore  l i ke ly  to  b ;  re leased to  the  pub l lc  o r  excessed to  o ther  government

agenc ies  a f te r  decont ,au ina t lon  thao are  s i tes  loca ted  w i th  ma jor  R&D or

p r o d u c t i o n  a r e a s .

lU .  S .  Nuc lear  Regu la to ry  Commiss ioo  1982 Gu ide l ines  f  o r  Decontaminat ion  o f

Fac i l i t les  and Equ i .pnent  Pr io r  to  Re lease fo r  unres t r i c ted  use  or  Terminat ion

of  L icenses  fo r  Byproduc t ,  Source ,  o r  Spec ia l  Nuc lear  Mater ia l '  D iv is ion  o f

Fue l  Cyc le  and Mater ia l  Sa fe ty ,  Wash ing ton ,  DC'

A. -RESIDUAI. CONTA}'TINATION GUIDELINES FOI. FOR}'IERLY UTILJZED SITES AND REMOTE

The fol lorr ing guidel ines rePreseDt the maxluua residual contaminat ion

l in i ts  fo r  unres t r i c ted  use  o f  land  and s t ruc tu res  cootaminated  w i th

radionucl ides related to the nuclear fuel  cycle at FUSRAP and remote SEMP

si tes .  A  s l te -spec i f i c  ana lys is  w i l l  be  prepared fo r  eac ! -s i te  p r io r  to

determining residual contaminat ion guidel io"" tot  a specif lc s i te '  I t  is

the pol icy of DOE to decontaminate si tes to contarninat ion levels at or

be10w the l in l ts aod in a manuer coosistent rr i th DoErs

as-1ow-a"- is-r" .s-nab1y-dchievable (ALAIA) pol icy ou a si te-specif ic basis '

Si te-specif lc guidel inls and ALARA pol icy wi l l  be detemined by DOE on a

si te-speclf ic 6asis and an ALAM report  i i f .a on complet ion of rernedial

act ion at a si te.  Exist ing state 
".rd 

f .d"ral  standards wi l l  be appl ied for

water protect ion. Residual contaminat ion l imits folrother-_nucl ides wi l l  be

developed wheo required using the same nethodologyg as l ras used for those

represeDted here .

l . So11 Land) Guidel ines (Maximun Limits for l lnrestr icted use

Radionucl ide

soil cri x"tr! '21 'Y
(PCi/g above background)

75
150
r50
l5

5 pCLIZ' averaged over the

first 15 cro of soll belos

the surface; 15 PCl/g when

averaged over 15 cm thlck

soil J-aYers rDore thaa 15 cn

below the surface and less

than l .5n below the surface'

140
40

r90

l5

50
2400
300

80

u-tlaturdl
v-23d/,
v-23tP!-,
Trt-23d/
Ra-226

v-84!
Pa-231
Ac-227

Ilr-232

*,-'rllg'
Pu-238,  239,
Cs-I37

240
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Sr-90
H-3 (pCi /n1 so i l  no is ture)

300
5,200

! /O" " " t ibed  in  ORO-831 and ORO-832.

? !  n  the  event  o f  occur rence o f  n ix tu res  o f  rad ionuc l ides ,  the

f rac t ion  cont r ibu ted  by  each rad ionuc l ide  to  i t s  gu ide l ine  sha l l  be

detero ined,  and the  sum o f  these f rac t ions  sha11 no t  exceed 1 '  There

a r e t w o s p e c i a l c a s e s f o r w h i c h t h i s r u l e m u s t b e n o d i f i e d :

(a) l f  Ra-226 is present,  then the fracEion for Ra-226 should not be

included ln the sr:m i f  t .he Ra-226 concentraEioa is less than or

equal to the Th-230 conceDtrat ion. I f  the Ra-226 concentrat ion

exceeds the Th-230 concentrat ioa, then the sum shal1 be

e v a l u a t e d b y r e p l a c i n g t h e R a - 2 2 6 c o n c e B t r a t i o n b y t h e
difference tetween the Ra-226 and ltr-230 concentrations'

(b) l f  Ac-227 is present,  theo the.same-ru1e-giveo i-n (a) 
, f -ot  

Ra-226

relat ive to Ttr-230 appl ies for Ac-227 relat ive to Pa-231'

yr*""pt for Ra-226, these guidel ines represent unrestr icted-use

residual concentrat ions above backgror.rod averag"d-?:tots aoy 15 cu

thick layer to any depth and over any cont iguous 100 u'-surface E!€3'

Ttre same condit ions prevai l  for R;.-2i6.*".1t  for soi l  layers beneath

1.5 m; beneatb 1.5 m, t t"  
" t towable 

Ra-225 conceDtrat ion nay be

a f f e c t e d b y s i t e - s p e c i f i c c o n d i t i o n s a n d m u s t b e e v a l u a t e d
accordinglY.

!!tocattzed concentratlons in excess of these gui,delines are

a11owab1e provided that the average over 100 uz is not exceeded'

Eowever, DOE ALARA pollcy wllL be considered oa a site-specific basls

when dealing rlth elevated localized concentrations'

I/a 
"rrtre 

of natural uraniuo meaas the sr:n of 3'7 * l0l0

disiutegrat lons perrgecond (dis/s) over any l5: t  
t l igk. laVers frou

u-Z3B plus i . i -* ' iOlo ar" /" ' i to i  i=Z:a pl t t "  l '7 r  lO'  d is/s f ron

u-235. o'e curie of natural uranium is eguivaleat to 3'000 kilograns

or 615OO Pounds of natural uraniro'

9/*r,-"s uo other uranirn lsotopes are Present'

lJro" ftr-230 guldeliue 1s 15 Pc;lg to accouot for ingrowth of Po-226

as Ttr-230 aliays . 9o.-226 fs a ii-tttiog radionuclide because lts

decaY Product is Ru-222 gas' '

9/n. Pu-241 guidell.ne was derj-ved fron the An-241 concentratloq'

SEructure

8. Indoor Radoa Decay Products

A s t r u c t u r e l o c a t e d o n p r i v a t e P r o P e r t y a n d i n t e n d e d f o r
unrestricted use shall be subject to remedial actlou a6 necessary

2.
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b .

to ensure the annual average

is  less  than 0 .03  WL wi th in

Indoor Ga". ' .a Radiat ion

I 'he  indoor  gaErna rad ia t ion  a f te r  decontaminat ion  sha11 no t  exceed

20 mic roroentgen per  hour  (20  R/h)  above background in  any

occup ied  or  hab i tab le  bu i ld ing '

Indoor /Outdoor  SLruc ture  Sur face  Cont

c o n c e n t r a t i o n  o f  r a d o n  d e c a y  p r o d u c t s

t h e  s t r u c t u r e .

Allowable Surface Residua| Contamination*I
(dPn/1oo cn ' )

e.r"t"gJ'1l u"*it Jll '21 Removabl JLl'g
Radionuc lidesl!

Transuranics, Ra-226,
B.a-228, 1b-230 , T17-228,
Pa-231 '  Ac-227' L-L25'
]-t29

U-Natural, fh-232'
Sr-90, Fx-223, Pa-224' .
E-232,  r -125,  r -131,
r-133

C .

IO0 300

15 ,000

15,000

20

1 ,000 3,000 200

U-Natural ,  U-235, U-238,
and associated decaY
produc ts  5 ,000

Beta-garma emltters
(radionucl ides with

decay modes other than

alpha e'ni sslon or

spontaneous f ission)
excePt Sr-90 and others

noted above 5,000

l! As used La this table, dpn (dislntegrations per mLnute)

means the rate of euission by radLoactlve materlal as

determined by correcting the counts per rn{nute observed by aa

appropriate ietector foi  background, eff ic iency, and geometr lc '

factors assocLated rvtth the lnstn'mentatioo'

2l Wtrere surface contaninatl-on by both alpha- and

beta-ganma-emltting radi'ooucJ-ldes exlsts' the limlts

es tab l l shedfora lpha-andbeta-ganma.en i t t lngrad ionuc l ldes
shall aPPIY LndePendeatlY'

2! l[easurements of avgrage coutaninant, should not be averaged

over more than I m" For objecta of less surface area' the

average shall be derived for each sucb object'

t I
:! Ttre average and maximum radia.tl 'oo levels assoclated w.tth

surface contaminatiou resultlng from beta-gama emLtters should

1 ,000

1 ,000
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n o !  e x c e e d  0 . 2  u r a d / h  a t  l  c m  a n d  1 ' 0  n r a d / h  a E  I  c u t

respect ively,  rDeasured through not rDore than 7 mg/cmt of total

absorber .

2l  1tre uaximun contgminat ion leve1 appl ies to an area of not

more than 100 crnz.
7

9/  The amount  o f  reoovab le  rad ioac t ive  mater ia l  per  100 cm'

sur face  area  shou ld  be  de termined by  w ip ing  thac  area  w i th  d ry

f i l t e r  o r  s o f t  a b s o r b e n t  p a p e r ,  a p p l y i n g  m o d e r a t e  P r e s s u r e '  a n d

assess ing  the  aEouDt  o f  rad ioac t ive  roa ter ia l  on  the  w ipe  w i th

aD appropriate instrr :nent of known eff ic iency'  Whea removable

contaminat ioo  on  ob jec ts  o f  less  sur face  area  is  de ter -n ined,

t h e p e r t i n e n t l e v e l s s h a l l b e r e d u c e d p r o p o r t i o n a t e l y a n d t h e
ent i re  sur face  sha l l  be  w iPed '

B. CONTROL OF RSDIOACTI\IE WASTES A}{D RESIDUES FRO}{ FUSRAI' A]{D RE}{OTE SFMP

SITES

specif ied here Ere the control  requirements for radioact ive wastes and

residues related to the nuclear fuel  cycle at FUSMP aod remote SFMP si tes'

I t i s t h e p o l i c y o f D o E t o s t o r e r a d i o a c t i v e w a s t e s i a a m a n n e r
represeDtiag sound engineering pract ices consistent \ t i th DoErs ALARA

pol icy .

1 .  In te r im Storage

A11 operatioual and control requirements specified in the follolring DOE

Orders aud other items sha11 aPPIY:

dr 54gO.lA, Environmental  protect lon, Safety,  and Health Protect ion

Program for DOE OPeratlons'

b. 5480.2, Hazardous and Radioactive tlixed

c. 5483.1, Occupat lonal Safety and Health

Coutractor-Operated Faclllties'

d. 5484.1, Environoental Proteictlou, safety, aud Eealth ProtectloD

Inforuatiou ReportLng Requlreuents'

e. 5484.2, Unusual Occurrence Reporting systen.

f .  5820, RadioactLve Waste Management '

g. control and stabllLzation features w'ill be deslgoed to ensure' to

t h e e x t e o t r e a s o n a b l y a c h i e v a b l e , a n e f f e c t i v e l l f e o f 5 0 y e a r s '
and Lu any case, at least 25 Years'

h. ?o'-zzz conceDtratlogs in the atmosphere above facllity surfaces or

opentngs 
"irif 

oo. (1) exceed IOO pCLIL at any glven poiot' or au

average conceotrat loo of iO pCLIL ior the faci l l ty s l te '  or (2)

exceed 
"o """i"ge 

Rn-222 
"o.rt"otratlon 

at or above any locatlou

oursLde the faci lLty sl te- i t  g.O pCLIL (above background) '

Waste Dlanagemeat.

Program for Governmeat-Otmed
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1 . .  F o r  r . . a t e r  p r o t e c t i o n ,  u s e  e x i s t i n g  s t a t e  a o d  f e d e r a l  s t a n d a r d s ;

apPly  s l te -spec i f i c  neasures  where  needed '

2. Long-Term l lanagenent

a .  A l l  opera t iona l  regu i . rements  sPec i f ied  fo r  In te r i -m Storage

F a c l l i t i e s  ( 8 . 1 )  w i l l  a P P 1 Y .

b .  c o n t r o l  a n d  s t a b i l i z a t i o n  f e a t u r e s  w i l l  b e  d e s i g n e d  t o  e n s u r e  t o
-  

the  ex ten t  reasonab ly  ach ievab le ,  an  e f fec t i ve  l i fe  o f  1 ,000 years

a n d ,  i u  a n y  c a s e ,  a t  l e a s t  2 0 0  y e a r s .  O t h e r  d i s p o s a l  s i t e  d e s i g o

features shal1 conform with 40 cFR Part  L92 perfomance

gu ide l ines /  requ i  rements '

c.  Rn-222 emanati .oo to the atnosphere from faci l i ty surfaces or

open igg  
" i r r r  " "a  

( I )  exceed an  average re lease ra re  o f  20

;:c; ' i ;27",  or (2) increase rhe annual average Rn-222 concenrrat ion

at or above any J-ocat iou outside the faci l i ty s l te by Dore than 0'5

pCL/L .

d .  For  water  p ro tec t iou ,  use  ex is t iDg s ta te  and federa l  s tandards ; '

apPly si te:specif ic measures where needed'

€. Pr ior to placeneot of any Potent ial ly biodegradable contaminated

wastes in a Long-Term lt".,"i"r"nt Facility, such wdstes rrt1l be

properly condit ioned to ( t j  ensure that the generat ion and escape

of biog-enic gases wi l l  not cause the requirement io Paragraph 2'c '

to be E*l . ia!a, and (2) ensure that biodegradat ioo within the

facillty rrl1l Dot result iu Premature structural failure not LD

accordance wl ' th the requirenlnts io paragraph 2'b" I f

biodegradable l rastes aie condit ioned by inclnerat ioa, lncinerat iou

operations rrtll be carried out iu conpllance rrith all appllcable

federal ,  state, and local alr  emission standards and requlremenfs'

lacluitiig auy staodards for radionuclides establlshed pursuant to

40 c.FR Part 51, NatJ.onal Enlssioa standards for Eazardous alr

Pollutaats (I{ESIIAPS) .

C-. EXCEPTIONS

Exceptions Day be made to the guideltnes Presented hereLn follotrlng

aaalysLs of the si te-speclf lc Ispects of a candtdate sl ' te '  Speclf lc

sltu;tious that ,o"rr"ot conslderatiou for nodLfying these guidellnea are:

l. where rernedl-al actions would Pose a clear and present rLsk of lnjury to

workers or nenbers of the public, notrtithstaoding reasonable measures

to avol.d or reduce rlsk.

2. Ifhere remedial actlons would produce enviroumental harm that ls clearly

excesslve coEpared to the health beneflts to Persons ll-vlug oo or near

affected sltes, DoIt or ln the future' notwlthstanding reasonable

m e a s u r e s t o l l . m l . t d a u a g e t o t h e e n v l . r o n m e n t . A c l e a r e x c e s s o f
envLronrnental haru Ls hatm that ls long-tetm, manlf est, aod grosal'y

dlsproportionate to health beneflts that may reasonably be aotLcl'pated'
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Where the  cos t  o f  rened la l  ac t ions  fo r  con tau ina ted  so i l  i s

uDreasonab ly  h igh  re la t i ve  to  long- te ro  benef l t s  and the  res idua l
rad ioac t ive  maEer la ls  do  no t  posg-€  c lear  p resent  o r  fu tu re  hazard .  The

l ike l ihood tha t  bu t ld ings  w i l l  be  erec ted  or  tha t  peop le  w i l l  spend
long per iods  o f  t ine  a t  such a  s i te  shou ld  be  cons idered in  eva lua t ing
th is  hazard .  Rened ia l  ac t ions  w i l l  genera l l y  no t  be  necessary  where

res idua l  rad i .oac t ive  mater ia ls  have been p laced semiperoanent ly  in  a

loca t ion  r^ rhere  s i te -spec i f i c  fac to rs  l in i t  the i r  hazard  and f ron  wh ich

they  are  cos t ly  o r  d i f f i cu l t  to  remove,  o r  where  oa ly  n inor  guant l t i ' es

o f  res idua l  rad ioac t ive  oa ter ia ls  a re  invo lved.  Examples  are  res idua l

rad loac t ive  ua ter ia ls  under  hard  sur face  pub l ic  roads  and s idewalks ,

a round pub l ic  sewer  l ines ,  o r  in  fence-pos t  foundat ions .  Supp lementa l

s tandards  sha l l  no t  be  app l led  a t  such s i tes ,  however ,  i f  ind iv idua ls

are  l i ke ly  to  be  exposed fo r  long  per i ,ods  o f  t ine  to  rad ia t ioa  f ron

such mater ia ls  a t  leve ls  above those thaE wou ld  p reva i l  in  Subpar t  A .

IJhere the cost of  c leanup of a contaminaEed bui lding is clear ly

unreasonably high relat ive to the benef i ts.  Factors that shal1 be

included ln this judgroent are the ant ic ipated period of occuPancy'  the

incremental  radiat ion leve1 that would be affected by renedial  act ions,

the  res idua l  use fu l  l i fe t ine  o f  the  bu i ld ing ,  the  po ten t ia l  fo r  fu tu re

construct ion aC the si- te,  and the appl icabi l i ty of  less cost ly remedial

rnethods than removal of  residual radioact ive mater ials.

Wtrere there is no knom remedial  act lon.

D. GUIDELINB SOI,IRCE

Guidel ine Source

Residual Contamination CrttertJ/

J .

4 .

5.

SoiL Guideline

Structure Guldellne

Control  of  Radloact lve l {astes and Residues

Inter lm Storage
Long-Tem Management

DoE Order 5a80.|,$,
40 CFR Part 192=

40 CfR Part 192,
NRC Guidelines for
Decontaml-natioo of
Facllities and EqulP-
meut Prior to Release
for Unrestricted Use or
Te::minatiou of Ll.censes
for Byproduct, Source,
or Speclal Nuclear
Materl.al (July 1982).

DOE Order 5480.1A
40 CFR Part 192
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1 l
J T h e  b a s e s  o f  t h e  r e s l d u a l  c o o t a m i n a t l o n  g u i d e l i n e s  a r e  d e v e l o p e d  i n

0RO-831 and 0R0-832.

) /
3 'Based on  l in i t ing  the  concent ra t ion  o f  Ra-222 decay  produc ts  to  0 .03  WL

l r i t h i n  s t r u c t u r e s .
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